Background and Purpose-Patients undergoing surgery on the weekend may experience worse outcomes, but this weekend effect has not been studied in carotid endarterectomy (CEA). Methods-We identified patients undergoing isolated CEA in the Vascular Quality Initiative between 2003 and 2018.
T he weekend effect is the theory that outcomes differ between patients treated over the weekend compared with on weekdays. Although the weekend effect has been extensively studied in multiple surgical and medical disciplines, results have been mixed. Reports from general surgery, burn surgery, percutaneous coronary intervention, and medical patients demonstrated higher morbidity and mortality during the weekend, but these are matched by studies from transplant surgery, lower extremity revascularization, and abdominal aortic aneurysm repair, which demonstrate the opposite. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Several reports have demonstrated consistently higher mortality for patients admitted on the weekend with strokes and higher morbidity after thrombectomy. [11] [12] [13] [14] To date, the weekend effect has yet to be studied in carotid endarterectomy (CEA).
In addition to patient-centered outcomes, such as complications and mortality, prior studies demonstrate that costs to the health system may increase over the weekend. Hospitals are short-staffed during the weekend, and previous studies demonstrated that hospital transfer processes suffer during the weekend, and length of stay is higher for cases performed later in the week. 15, 16 These are important considerations in operations, such as CEA, where the Centers for Medicare and Medicaid Services will begin reducing physician reimbursement by up to 9% based on certain quality metrics that include postoperative length of stay. 17 Indeed, increasing recognition of the impact that weekends have not only on patients but on hospital finances spurred the creation of comprehensive stroke centers to mitigate these effects.
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factors that affect reimbursement, such as prolonged length of stay and factors that indicate inadequate processes of care, such as failure to rescue.
Methods
Because of the sensitive nature of the data collected for this study, requests to access the dataset from qualified researchers trained in human subject confidentiality protocols may be sent to the Vascular Quality Initiative (VQI) at www.vqi.org.
Study Sample
We used data collected prospectively by the Society for Vascular Surgery VQI, a cooperative quality improvement initiative developed in 2002, with data from 412 centers in 46 US states and 2 Canadian provinces. Outcomes include in-hospital complications, 1-year follow-up, and long-term mortality through linkage to the Social Security Death Index through March 8, 2018 . The Beth Israel Deaconess Medical Center Institutional Review Board approved the study and waived the requirement for patient consent given the retrospective, deidentified nature of the data.
Patient Cohort
We included all patients undergoing CEA in the VQI between 2003 and 2018, excluding patients with missing data on symptom status (n=160), concomitant cardiac surgery (n=1672), and hybrid procedures with both stenting and endarterectomy (n=1615). For patients who underwent ≥1 CEA (n=5951), we only included the most recent procedure to avoid repeated measures. This provided a final sample of 86 123 patients.
Definitions and Variables
A weekend operation was one occurring on a Saturday or Sunday. The VQI does not record time of day, so we do not know if these operations occurred overnight (although carotid surgery rarely occurs overnight). We used a single preoperative creatinine to determine estimated glomerular filtration rate using the Chronic Kidney Disease Epidemiology Collaboration formula and stratified chronic obstructive pulmonary disease into none, mild-moderate, and treated with home oxygen. Congestive heart failure was categorized as none, mild (New York Heart Association Class I/II), or moderate to severe (New York Heart Association Class III/IV), and coronary artery disease (CAD) into none; stable angina, history of documented CAD, prior myocardial infarction (MI), or coronary revascularization by either coronary artery bypass grafting or percutaneous coronary intervention; and unstable angina or acute coronary syndrome within the last 6 months. The VQI records the degree of carotid stenosis based on ultrasound, computed tomography, or magnetic resonance imaging for both the ipsilateral and contralateral sides. We classified hospital volume into quintiles based on the volume in the previous year, reclassifying hospitals on a yearly basis to allow for changes in volume over time. Anatomic high risk includes prior neck surgery, tracheostomy or esophagostomy, contralateral laryngeal nerve palsy, or a common carotid artery lesion inaccessible from neck incision.
Outcomes
The primary outcome was perioperative stroke/death, the composite of perioperative death (death within 30 days or during the index admission), and in-hospital stroke. Secondary outcomes included perioperative death, in-hospital stroke, in-hospital MI, and the composite end point of stroke/death/MI (perioperative death, in-hospital stroke, or in-hospital MI). We also studied the rate of failure to rescue, defined as the rate of death after a complication (MI, new arrhythmia, congestive heart failure, wound infection, reperfusion symptoms, return to the operating room, or stroke). In addition, for asymptomatic patients, we studied the rate of prolonged length of stay (any postoperative length of stay over 2 days or failed discharge home for patients who presented from home). This metric was set by Centers for Medicare and Medicaid Services, and only applies to asymptomatic patients.
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Statistical Analysis
We present categorical variables as percentages, and continuous variables as mean±SD, and compared them using χ 2 and t tests, respectively. To adjust for baseline differences, we used logistic regression to calculate propensity scores for treatment on the weekend compared with weekdays and used them to construct inverse probability weights (the inverse of receiving the treatment a subject received). With propensity scores, every patient experiences the outcome of interest (in this case treatment on the weekend or weekday). This allows adjustment for more covariates without the risk of overfitting. Propensity-weighting offers an advantage over propensity matching in that it retains the entire sample size, and, therefore, may reduce unmeasured confounding. Our model included time from neurological event to surgery (in the case of symptomatic patients), age, race, sex, urgent/emergent procedure status, hospital volume, prior ipsilateral CEA and prior contralateral carotid surgery, diabetes mellitus, hypertension, CAD, prior MI, anatomic high-risk criteria, ipsilateral carotid stenosis of at least 70%, contralateral carotid occlusion, kidney disease, smoking status, chronic obstructive pulmonary disease, body mass index, anemia (hemoglobin <10 mg/dL), congestive heart failure, aspirin, statin, and other antiplatelet agents. We made separate models for symptomatic and asymptomatic patients using the above covariates and tested our models for adequacy of overlap by plotting the distribution of propensity scores in the treated and untreated groups. Covariate balance/bias reduction was assessed by calculating the absolute standardized differences before and after weighting (see the online-only Data Supplement). After weighting, the standardized differences were all ≤12%, indicating adequate balance. We compared rates of our outcomes using multilevel, inverse probability weighted logistic regression, clustering at the center level. All analyses were conducted using STATA 14.2 (StataCorp LP, College Station, TX).
Results
Case Distribution and Hospital Volumes
We identified 86 123 repairs, with 1562 performed during the weekend (1.8%). There were 45 459 (53%) asymptomatic patients and 40 664 (47%) symptomatic patients. Tuesday was the most common day for carotid surgery. Asymptomatic repairs were more common early in the week, whereas symptomatic repairs were fairly evenly distributed throughout the weekdays. There was no change in the weekend repair rates over time (P=0.9).
There were 333 hospitals that contributed cases to the registry, 220 of which (66%) performed at least 1-weekend operation. Weekend repairs for asymptomatic patients occurred at 131 hospitals (39%), and symptomatic repairs occurred at 194 hospitals (58%). There were 138 hospitals (41%) where transient ischemic attack (TIA) patients underwent weekend operations and 159 hospitals (48%) that performed CEAs in stroke patients on the weekend. Hospitals in the highest quintile of volume performed a higher proportion of weekend repairs (2.3% of repairs compared with 1.6%-1.9% in the lower quintiles). However, weekend operations were infrequent for most hospitals, as the mean number of weekend repairs per hospital per year was only 1.1±1.9. No hospital performed > 18-weekend repairs annually, and 95% of the hospitals performed <5-weekend operations annually.
Asymptomatic Patients
Asymptomatic repairs on the weekend were rare, with only 312 cases performed during the study period. These comprised only 0.7% of the total number of asymptomatic cases. Patient demographics are presented in Table 1 . Patients undergoing operations on the weekend were younger (mean age 70±10 versus 71±9; P=0.04), and less often had hypertension, prior contralateral carotid surgery, stenosis >70%, chronic kidney disease, severe heart failure, were less often on statin therapy, but more often had a contralateral occlusion and anemia. In unadjusted analysis, the composite of stroke/death was higher on weekends (1.6% on weekdays compared with 3.2% on weekends; P=0.03). Hospitals which performed repairs on the weekend had similar overall stroke/death rates as those where no weekend operations occurred (odds ratio [ 
Symptomatic Patients
There were 1250 symptomatic patients who underwent surgery over the weekend during the study period (3.1%), 557 BMI indicates body mass index; CAS, carotid artery stenting, CEA, carotid endarterectomy, COPD, chronic obstructive pulmonary disease; and GFR, glomerular filtration rate.
*Anatomic high risk includes prior neck surgery, tracheostomy or esophagostomy, contralateral laryngeal nerve palsy, and common carotid artery lesion inaccessible from neck incision. In subgroup analysis, patients who presented with symptoms of TIA (as opposed to stroke) had similar odds of stroke/ death after weekend operations ( 
34).
There were no significant differences in rates of failure to rescue between weekday and weekend operations in either crude or adjusted analysis (OR, 0.4 [0.1-1.6]; P=0.21). However, adjusted postoperative length of stay was over a day longer (2.0 days versus 3.3 days; P=0.002).
Discussion
Our study provides evidence of a weekend effect for CEA in a large, multinational quality registry. Although weekend operations were relatively rare, these were associated with significantly higher morbidity and mortality in asymptomatic patients and patients who presented with a stroke. In addition, quality metrics, such as prolonged length of stay, were significantly worse after weekend operations, which has substantial reimbursement implications. Of note, however, patients who presented with TIA experienced similar outcomes regardless of the timing of their operation.
Although surgeons seem to be carefully selecting which patients undergo operations on the weekend, outcomes suffer nevertheless. Patients undergoing weekend repair had fewer comorbidities, were less often re-do operations, less often met anatomic high-risk criteria, and less often had severe stenoses. These factors, combined with the low rates of weekend operations, suggest that surgeons are highly selective about whom they operate on during the weekend. System inadequacies may also play a role in explaining adverse outcomes for weekend CEA. Operating room staff may not be dedicated vascular personnel, anesthesia teams may be unfamiliar with the careful monitoring and hemodynamic changes associated with carotid surgery, and nurses and residents or physician extenders are asked to cover larger numbers of patients. Surgeons cognizant of these limitations may be more hesitant to operate over the weekend, resulting in the careful patient selection we found. However, despite this selection process, results suffered nevertheless.
In addition to the impact on patients, hospitals and surgeons also experience adverse results from weekend operations. In 2015, Centers for Medicare and Medicaid Services instituted the Medicare Access and Children's Health Insurance Program Reauthorization Act, which ties reimbursement penalties of up to 9% to indicators of high-quality patient care, such as prolonged length of stay. 17 Our data show the substantial cost implications of operating on the weekend, with almost a third of those patients experiencing prolonged length of stay. In addition to the penalties for failing to meet quality metrics, billing data actually demonstrate that hospitals take a financial loss for any length of stay over 1 day after CEA. 20 Consequently, although prolonged length of stay does not apply to symptomatic patients in terms of Centers for Medicare and Medicaid Services reimbursement, the fact that weekend repair is associated with longer lengths of stay by over a day has its own cost implications.
Many factors determine the timing of operations, not all of which are modifiable. Operating room availability 
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and case delays may result in operations occurring on the weekend rather than during the week. This may be more pronounced for surgeons with less block time during the week, who may be forced to fit cases in during the weekend. Highvolume hospitals, in particular, perform more weekend operations, suggesting that some volume may spill over into the weekend. This is supported by the fact that the time from neurological event (TIA or stroke) to surgery was longer for patients who underwent operations on the weekend than those undergoing surgery during the week. Many of these weekend operations may have been cases scheduled for late in the week that were delayed until the weekend. Hospitals almost universally had low numbers of weekend operations, suggesting that these cases were more likely random events than part of any strategic plan to increase case volumes by using weekend block times. It is worth noting that the VQI does not record surgeon data, so we cannot control for surgeon experience or volume. If junior surgeons operate more over the weekend because of lack of operating room availability, this is an important source of potential bias that we cannot control for. In addition, hospitals with less efficient operating rooms are more likely to have spillover onto the weekends, and so this may also be a marker of hospital quality/efficiency. For symptomatic patients, timing depends partially on operating room availability, but more so the timing of revascularization after the index neurological event. The timing of endarterectomy balances the risk of recurrent stroke with the risk of postoperative stroke and depends on the severity of the event and the amount of cortical territory at risk. Evidence is mixed, but recent data, backed by the new guidelines from the European Society for Vascular Surgery, demonstrate that the risk of recurrent stroke is higher than previously thought. [21] [22] [23] [24] Patients who present with a TIA are especially sensitive to the risk of recurrent stroke given their lack of a residual deficit and stand to benefit the most from expediting surgery before a disabling stroke occurs. It is therefore reassuring that outcomes in this vulnerable population did not suffer over the weekend. These data support prompt surgical intervention after TIA, even if that requires operating on the weekend. In contrast, patients who presented with a stroke experienced significantly higher odds of postoperative stroke if their operation occurred over the weekend. Although the ideal timing of endarterectomy after a stroke is a challenging decision that is beyond the scope of this current work, our data suggest that the day of the week is an important factor to consider. The low numbers of weekend operations, as well as the highly selected patients, suggest that hospitals already shy away from weekend operations, but room for improvement remains. Although patients with TIA and selected patients with stroke may benefit from expedited revascularization to prevent early, recurrent stroke, our data suggest that weekend operations should be avoided in asymptomatic patients. Weekend surgery for asymptomatic carotid disease is associated with higher risk to the patient, and higher costs to the hospital system and the small number currently occurring should be reduced to zero.
Our study must be interpreted in the context of its design. The VQI captures mortality well through the linkage to the Social Security Death Index, but outcomes such as postoperative stroke and MI are only captured during the index hospitalization. This may result in under-reporting of true outcome rates, as well as potential bias, as a third of strokes occur after discharge. 25 In addition, clinical registries, such as the VQI, are vulnerable to coding errors by the inputting surgeons, although these are not likely to exert significant influence in a database this size. As previously discussed, surgeon identifiers are currently not available in the VQI CEA database, and if junior surgeons operate more on the weekends, we cannot control for that bias. The VQI also represents a self-selected subset of hospitals that elected to participate in a quality initiative, and therefore, these results may not generalize to the population at large.
Conclusions
We found evidence of a significant weekend effect in CEA, as weekend operations in asymptomatic patients and patients who presented with stroke were associated with higher rates of stroke/death and prolonged length of stay. However, there was no evidence of such an effect in patients with TIA. These data suggest that weekend CEA should be avoided except in the case of expedited revascularization after TIA.
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